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GENETIC DIVERSITY ANALYSIS OF XYLELLA FASTIDIOSA STRAINS 

USING MULTIPLE TONB GENES AND THE ZOT GENE 
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ABSTRACT"
@H/5,4/1"BHIB41;,1B")C"Xylella fastidiosa"PXfQ"1U,B5"NM,;M"2+1"*,CC1+185,2//>"425M)-18,;6""=+19,)HB/><"3J."B1XH18;1"282/>B,B"

)C"5M1"mopB"28*"gyrB"-181"M2B"I118"HB1*"5)"B142+251"Xf"B5+2,8B",85)"5M1,+"BHIB41;,1B"-+)H4B6""LM1"TonB"-181"C20,/>";28"I1"

HB1*"5)";)8C,+0"5M,B"-1815,;"*,91+B,5>"I15N118"Xf"B5+2,8B"28*"+1-,)8B"N,5M,8"5M1B1"-181B";28"I1"HB1*"5)"B142+251"B5+2,8B"

I1>)8*"BHIB41;,1B"*H1"5)",8;+12B1*"92+,2I,/,5>6""TonB"4+)51,8",B"2";>5)4/2B0,;")H51+"010I+281"4+)51,8"5M25";28"I1"C)H8*")8"

-+20"81-25,91"I2;51+,2<"BH;M"2B"Xf6"LM1"4+)51,8"CH8;5,)8B"2B"28"181+->"5+28B*H;1+"5)"BH44)+5"2"92+,15>")C"5+28B4)+5"19185B"

2;+)BB"5M1")H51+"010I+281"28*",851+2;5B"N,5M")H51+"010I+281"+1;145)+"4+)51,8B"NM,;M";2++>")H5"M,-M!2CC,8,5>"I,8*,8-"28*"

181+->!*1418*285"H452F1")C"B41;,C,;"BHIB5+251B",85)"41+,4/2B0,;"B42;16"T8"5M,B"B5H*><"C,91"*,CC1+185"TonB"-181B"PTonB!2"

5M+)H-M"TonB!1Q"N1+1"HB1*"5)"*,CC1+185,251"I15N118"5M+11"Xf"B5+2,8B"P-+241<"+2-N11*<"28*")/128*1+Q6""LM1"+1BH/5B")C"5M,B"B5H*>"

N1+1";)8B,B5185"N,5M"-18)5>41"*,CC1+185,25,)8"HB,8-";)8B1+91*"mopB"28*"gyrB"-181B6"".**,5,)82//><"B1XH18;,8-")C"28)5M1+"

-181<"282/)-)HB"5)"5M1"R)8H/2");;/H*18B"5)U,8"PqZLQ"-181<"N2B"HB1*"5)"B142+251"-+)H4B"I1/)N"5M1"B5+2,8"/191/6"LM1"*,B;)91+>"

)C"81N"92+,2I/1"-181B"4+)9,*1B"28)5M1+"-18)0,;"/);25,)8"5)"I1"1U4/),51*"C)+"5M1",04+)910185")C"*,2-8)B5,;B"5)"2,*",8"5M1"

0282-10185")C"=,1+;1^B"*,B12B16"

"

INTRODUCTION"
Xylella fastidiosa (Xf) ,B"2"C2B5,*,)HB<"U>/10!/,0,51*<"a+20"81-25,91"I2;51+,H0"5M25"+1B,*1B",8"5M1"U>/10"5,BBH1")C"028>"4/285B6"

LM,B"I2;51+,H0<"NM,;M";)852,8B"0H/5,4/1"BHIB41;,1B";28"*,B12B1",8"0H/5,4/1"4/285B"52U2<"BH;M"2B"=,1+;1^B"*,B12B1"P=3Q")8"

-+2419,81<")/128*1+"/12C"B;)+;M"PZd:Q<"28*";,5+HB"/12C";M/)+)B,B"PD_DQ"P:;M22*"%OO\Q6"Z81"H8,XH1"B5+H;5H+1"5)"a+20!

81-25,91"I2;51+,2",B"5M1")H51+"010I+2816"LM,B"010I+281"M2B"*,B5,8;5,91"41+012I,2/,5>"4+);1BB"28*"4)BB1BB1B"2;5,91"5+28B4)+5"

B>B510";2//1*"TonB!*1418*185"5+28B4)+5"B>B5106"LM,B"B>B510"M2B"M,-M"2CC,8,5>"28*"B41;,C,;,5>"C)+"I,8*,8-"28*"5+28B4)+5,8-"

B;2+;1"8H5+,185"2;+)BB"5M1")H51+"010I+281"PD2*,1HU"28*"K2*81+"%OO&Q6"TonB",B"28")H51+"010I+281"4+)51,8"5M25"/);2/,R1*",8"

5M1";>5)4/2B0,;"010I+281"I>",5B"H8;/1291*"20,8)!51+0,82/"B,-82/"B1XH18;1<"N,5M"5M1"IH/F")C"5M1"4+)51,8"1U518*,8-",85)"5M1"

41+,4/2B0,;"010I+281"P:F2+1"28*"=)B5/1"$YY$Q6""LM1"CH8;5,)8")C"5M,B"4+)51,8",B"2B"28"181+->"5+28B*H;1+"5)";)H4/1";>5)4/2B0,;"

4+)5)80)5,91"C)+;1"5)"2;5,91"5+28B4)+5")C"8H5+,185B"28*"0152I)/,;"4+)*H;5B"2;+)BB"5M1")H51+"010I+2816"L)8E!*1418*185"

5+28B4)+5"B>B510";)8B,B5B")C"M,-M"2CC,8,5>"010I+281"+1;145)+<"2"41+,4/2B0,;"I,8*,8-"4+)51,8<"28*"2";>5)4/2B0,;"010I+281"

5+28B4)+51+"M)0)/)-)HB"5)")5M1+"5+2CC,;".L=2B1B"P:F2+1"$YY&Q6"TonB"-181B<"NM,;M"18;)*1B"C)+"TonB, ;28"I1"HB1*"5)"

*,CC1+185,251"*,CC1+185"Xf"B5+2,8B"*H1"5)"0H/5,4/1"B,8-1"I2B1"42,+"

2/51+25,)8B6"."B12+;M")C"5M1"Xf"-18)01"*151+0,81*"5M25"0H/5,4/1"

TonB"-181B"N1+1"4+1B185",8"5M1"-18)016"

"

LM1"R)8H/2");;/H*18B"5)U,8"M2B"I118"BH--1B51*"2B"2"81N"

4)5185,2/"9,+H/18;1"C2;5)+",8"5M1"D_D"B>B510"P*2":,/92"%OO\Q6"

LM,B"4+)51,8",B"B,0,/2+"5)")81"C)H8*",8"Vibrio"cholerae"NM,;M"M2B"

I118"/,8F1*"5)"*,B+H45,)8")C"5,-M5"[H8;5,)8B"Pm)M8B)8"$YY&Q6"

3J."B1XH18;1"92+,25,)8",8"5M,B"-181"02>"I1"HB1CH/",8"B142+25,8-"

B5+2,8B"C+)0")81"28)5M1+"28*"4)5185,2//>"B142+25,8-"4)4H/25,)8B"

N,5M",8"2"B5+2,8"-+)H46"

"

MATERIALS AND METHODS 

7U5+2;51*"3J."C+)0"-+241"28*"+2-N11*"B5+2,8B")C"Xf"N1+1"

+1;1,91*"C+)0"d,B2"@)+28)6"3J."C+)0")/128*1+"B5+2,8"N2B"

;H/5H+1*"]1+;H/1B<"D.Q<"h6\!r/"2H;5);/291*"828)4H+1"N251+<"O6#"

r/"C)+N2+*"28*"+191+B1"4+,01+B<"28*"%!r/")C"3J."5104/2516"=D("

N2B";)8*H;51*"HB,8-",8,5,2/"*1825H+,8-"B514")C"&"0,8"25"Y\sD<"5M1"

+12;5,)8"N2B";>;/1*"&e"5,01B"H8*1+"5M1"C)//)N,8-"42+20151+B'"

Y\sD"C)+"hO"B<"hesD"C)+"YO"B1;<"W%sD"C)+"$eO"B"28*"C)//)N1*"N,5M"

28)5M1+"1U518B,)8"25"W%sD"C)+"W"0,86"."8)8!5104/251";)85+)/"

PJLDQ"N2B"2/B)"+H8"N,5M"12;M"2BB2>"2B"2"81-25,91";)85+)/6"LM1"

4+1B18;1")C"5M1"*1B,+1*"204/,;)8"N2B"*151+0,81*"I>"2-2+)B1"

3J."-1/"1/1;5+)4M)+1B,B"5M25"N2B"+H8"25"We_"C)+"hO"0,8H51B6"

Figure 16""d);25,)8")C"0H/5,4/1"TonB"-181B",8"5M1"

X. fastidiosa"-18)016"
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LM1"4)B,5,91"B204/1B"=D("4+)*H;5B"N1+1"4H+,C,1*"HB,8-"tT.XH,;F"=D("4H+,C,;25,)8"F,5"Pt,2-18<"_2/18;,2<"D.Q<"HB,8-"5M1"

028HC2;5H+1+^B"4+)5);)/6""3J."B1XH18;,8-"+12;5,)8"N2B"41+C)+01*",8"2"T"D>;/1+L@"LM1+02/"D>;/1+"PE,)!(2*"d2I)+25)+,1B<"

]1+;H/1B<"D.Q6"LM1"+12;5,)8"N2B";2++,1*")H5",8"2$O!rd"+12;5,)8";)852,81*"\"rd"3LD:"tH,;F":52+5"@2B51+"@,U"PE1;F028"28*"

D)H/51+<"VH//1+5)8<"D.Q<"%"rd")C"1,5M1+"C)+N2+*")+"+191+B1"4+,01+<"%"rd"2H5);/291*"828)4H+1"N251+<"28*"%"rd"3J."5104/2516"

LM1"+12;5,)8"N2B";>;/1*"&O"5,01B"H8*1+"5M1"C)//)N,8-"42+20151+B'"YesD"C)+"%O"B<"eOsD"C)+"%O"B1;<"28*"hOsD"C)+"\"0,8<"

C)//)N1*"I>"M)/*,8-"25"\sD6"3J."B204/1B"N1+1"4+1;,4,5251*"HB,8-"15M28)/"4+1;,4,525,)8"4+);1BB"2;;)+*,8-"5)"E1;F028"28*"

D)H/51+^B"4+)5);)/6""3J."41//15B"N1+1"+1BHB418*1*"N,5M"\O"rd")C"B204/1"/)2*,8-"B)/H5,)8"PE1;F028"28*"D)H/51+<"VH//1+5)8<"

D.Q"28*"5+28BC1++1*"5)"5M1"244+)4+,251"N1//B")C"2"B204/1"4/251"28*"/)2*1*",85)"2"D7tL@"#OOO"a1815,;".82/>B,B":>B510"

PE1;F028"28*"D)H/51+<"VH//1+5)8<"D.Q"C)+"3J."B1XH18;,8-6":1XH18;1B"N1+1"+15+,191*"28*"282/>R1*",8"E,)7*,5"28*"

;)042+1*"5)"a18E28F"*252I2B1"PM554'kkNNN68;I,68/068,M6-)9kQ6"

"

:1XH18;1"*252",B";H++185/>"I1,8-";)//1;51*"C)+"812+/>"%<OOOI4")C"5M1"qZL"-181"C)+"5M1B1"B5+2,8B6"LM1"B201"4+);1*H+1B"244/>6"

"

RESULTS AND DISCUSSION"
Ed.:L"B12+;M"BM)NB"2/,-80185")C"-+241<"+2-N11*<"28*")/128*1+"B5+2,8B"N,5M"Xf"L101;H/2"28*"Xf Y2e;6""./,-80185")C"-+241<"

+2-N11*<"28*")/128*1+"B5+2,8B"HB,8-"E,)7*,5"B)C5N2+1"BM)NB"0H/5,4/1"B,8-/1"I2B1"42,+"2/51+25,)8B"I15N118"-+241<"+2-N11*<"

28*")/128*1+"B5+2,8B6"V+)0"5M1B1"0H/5,4/1"I2B1"42,+"2/51+25,)8B<")/128*1+"B5+2,8"BM)NB"42+5,2/"2/,-80185"5)"I)5M"-+241"28*"

)/128*1+"B5+2,8"(Figure 2 and 3).""

"

"

 
 

Figure 26""./,-80185")C"TonB"B1XH18;1B"C+)0"0H/5,4/1"Xf"B5+2,8B"C+)0"L1U2B6"

 

 

 

 
"

Figure 36""./,-80185")C"gyrB"B1XH18;1B"C+)0"0H/5,4/1"Xf"B5+2,8B"C+)0"L1U2B"P2/B)"282/)-)HB"5)"mopBQ6"

"

"
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"

LM1"0H/5,4/1"B,8-/1!I2B1"2/51+25,)8B",8")/128*1+"B5+2,8"28*"B,8-/1"I2B1"2/51+25,)8",8"+2-N11*"B5+2,8"+1BH/5",8"*,CC1+185"4)/2+,5>"

28*"2;,*!I2B1"4+)41+5,1B")C"20,8)"2;,*B"5)"I1"5+28B/251*6"V)+",8B528;1<"B,8-/1"I2B1"2/51+25,)8",8"+2-N11*"B5+2,8";2HB1B"81H5+2/!

4)/2+"20,8)"2;,*"PB1+,81Q""5)"I1"5+28B/251*",8B512*")C"81H5+2/!8)8!4)/2+"20,8)"2;,*"P4+)/,81Q6"LM1"0H/5,4/1"B,8-/1!I2B1"

2/51+25,)8B",8")/128*1+"B5+2,8";2HB1"I2B,;!4)/2+"PM,B5,*,81Q<"81H5+2/!4)/2+"PB1+,81"28*"2/28,81Q<"28*"81H5+2/!8)8!4)/2+"P4+)/,81Q"

20,8)"2;,*B"5)"I1"5+28B/251*",8B512*")C""81H5+2/!4)/2+"PB1+,81"28*"5M+1)8,81Q<"28*"I2B,;!4)/2+"P2+-,8,81Q"20,8)"2;,*B6"LM1B1"

N,//"M291"28"1CC1;5")8"2IB)+45,)8"4+)41+5,1B<"*,CC1+185"+12;5,)8B"N,5M")5M1+"20,8)"-+)H4B<"28*"*,CC1+185"CH8;5,)82/,5>"B,8;1"

*,CC1+185"4+)51,8B"N,//"I1"4+)*H;1*6"

"

S1"2+1";H++185/>"N)+F,8-"5M+)H-M"5M1"qZL"-181"C)+"2//")C")H+"B5+2,8B6"S,5M,8"5M,B"-181<"N1"M291"C)H8*"2";)8B1+91*"*)02,8"

P0)B5"/,F1/>"2"I152"I2++1/"2BB);,251*"N,5M"2552;M0185"5)"5M1"Xf"010I+281Q"28*"28)5M1+"*)02,8"5M25"24412+B"5)"I1"

M>41+92+,2I/16".82/>B,B")C"5M,B"4+1/,0,82+>"B1XH18;1"*252",8*,;251B"5M25"5M1";)8B1+91*"*)02,8"C)//)NB"5M1"B201"B142+25,)8"2B"

gyrB<"mopB<"28*"tonB"P,616"B142+25,)8"I>"B5+2,8Q6"])N191+<"5M1"M>41+92+,2I/1"+1-,)8"02>"I1"HB1CH/"C)+"B142+25,)8"I1>)8*"

B5+2,86 

"

CONCLUSIONS 

:1XH18;,8-"HB,8-"TonB"-181B"28*"5M1"qZL"-181"M,-M/,-M5B"-1815,;"92+,2I,/,5>"I15N118"5M+11"*,CC1+185"B5+2,8B")C"Xf P-+241<"

+2-N11*<"28*")/128*1+"B5+2,8BQ6"LM1"+1BH/5B")C"5M,B"B5H*>"2+1";)8B,B5185"N,5M"-18)5>41"*,CC1+185,25,)8"HB,8-";)8B1+91*"mopB"

28*"gyrB"-181B6"LM1"*,B;)91+>")C"5M,B"92+,2I/1"-181"4+)9,*1B"28)5M1+"-18)0,;"/);25,)8"5)"I1"1U4/),51*"C)+"5M1",04+)910185"

)C"*,2-8)B5,;B"5)"2,*",8"5M1"0282-10185")C"=36"

"
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FUNDING AGENCIES 

VH8*,8-"C)+"5M,B"4+)[1;5"N2B"4+)9,*1*"I>"5M1"L1U2B"=,1+;1 B̂"3,B12B1"(1B12+;M"28*"7*H;25,)8"=+)-+20<"28*"5M1"A:3."

.8,02/"28*"=/285"]12/5M"T8B41;5,)8":1+9,;16"


